ABSTRACT: Instant mixtures are easy to prepare and frequently present functional appeals. A quality parameter for instant mixtures is their rheological behavior. This study aimed at evaluating the effects of extrusion parameters on the pasting properties of cassava (Manihot esculenta L.) starch and dehydrated orange (Citrus sinensis (L.) Osbeck) pulp mixtures. The variable parameters were moisture of mixtures (12.5 to 19%), barrel temperature (40 to 90ºC) and screw rotation (170 to 266 rpm). The extruded mixtures did not show gelatinization enthalpy. Moisture had the greatest effect on paste properties. The initial pasting viscosity (before heating) of RVA (Rapid visco 
Introduction
The current tendency of customers is to use practical foods easy to prepare and that provide, along with nutritional quality, welfare and benefits to the health. Thus, functional foods have been developed by incorporating proteins, fibers, minerals and/or antioxidants. The segmentation of the functional food market has occurred worldwide as follows: fiber-based products (40%); products rich in calcium (20%); oligosaccharide-based products (20%); products containing lactic bacteria (10%) and others (10%). The largest markets for these products are the USA, Europe and Japan (Menrad, 2003) .
Conventional fiber sources include foods "in natura", which contain fibers at considerable quantities (fruits, vegetables and grains), and some fibers separated in the grain processing such as bran and soy fiber used in food enrichment. Some alternative fiber sources are already available in the market or have already been studied, including mango (Mangifera indica L.), apple (Malus domestica), lemon (Citrus limon) and orange (Citrus sinensis L.) (Larrauri, 1999; Lario et al., 2004; Figuerola et al., 2005; Rodríguez et al., 2006) . The addition of fiber to extruded snacks has been limited to a few fiber sources such as wheat (Triticum ssp.) and oats (Avena sativa), sugar beet (Beta vulgaris) fiber, soy (Glycine max L.) fiber and cauliflower (Brassica oleracea L.) fiber (Hsieh et al., 1991; Jin et al., 1995; Stojcesk et al., 2008) .
Although fresh orange is largely consumed by Brazilians, its main destination is the frozen concentrated juice production. Orange pulp, a residue of the juice purification process, is composed of vesicles that store the juice and membranes that separate these vesicles into segments. It consists 85% of the total fibers, of which 38% are soluble and 47% are insoluble (Souza et al., 2007) .
Extrusion has been frequently used by industries in the development of food products. This processing can efficiently create novel products that might not be possible through other processing methods (Cisneros and Kokini, 2002) . Depending on the processing conditions and the raw material composition, extrusion causes rupture of the starch grain, completely destroying the granule organized structure, decreasing the medium viscosity, and releasing amylose and amylopectin (Camire and Krumhar, 1990) . Cooking fibers through extrusion can change their structural and physicochemical characteristics, presenting the redistribution of insoluble to soluble fiber as the main effect (Larrea et al., 2005) .
Brazil is the world's second largest producer of cassava (Manihot esculenta Crantz) starch, which has desirable characteristics for the development of extruded products, including: small quantity or absence of lipids; small quantity of proteins; long amylose chains; low gelatinization temperature, medium-sized starch granules; excellent agglutination properties; pleasant flavor; and white coloration (Franco et al., 2001) . Based on the importance of using residues to optimize the processes, as well as on the need of understanding the rheological properties of instant mixtures, this study aimed at evaluating the effect of extrusion operational conditions on thermal and paste properties of citrus pulp and cassava starch mixtures.
Material and Methods
The employed raw materials were industrial cassava starch and dehydrated orange pulp (particle size of 0.25 mm). Following the assessment of moisture and total fiber content in raw materials (AACC, 1983) , a cassava starch and citrus pulp mixture (17 kg) was prepared containing 100 g kg -1 of fibers on wet basis. After blending in an electric mixer for 5 min, 20 samples of 800 g were separated for moisture conditioning.
Extrusion was carried out using a complete line of IMBRA RX (Inbramaq), which has a motor coupled with a speed reducer (extrusion by mechanical friction), besides a single extrusion screw, with 130 mm of barrel diameter, 440 mm of extruder length, a hydraulic cooling system for temperature control, variable speed, and 45 kg h -1 capacity. The extrusion process parameters were:
Constant parameters: extrusion temperature in the 1 st (20 to 25ºC) and 2 nd zones (40 to 45ºC); screw compression ratio (3:1); screw diameter (19 mm), die diameter (4 mm); feed rate (150 g min -1 ); and cutting speed (90 rpm).
Variable parameters: feed moisture; barrel temperature in the 3 rd zone; and screw speed ( Table 1 ). The variation ranges between the upper and the lower limit of variables were established based on preliminary tests.
During the extrusion process a portion of the next material to be tested was used to purge the extruder. After achieving the steady-state flow, 400 g of extruded sample was collected in the extruder. Extruded samples were dried (40ºC) to the desired moisture (9.5-10.5%) in oven with air circulation. The samples were powdered by a knives mill with screen of 468 mm.
To evaluate the properties of extruded mixtures, a Rapid Visco Analyser (RVA), series 4, Newport Scientific, was used for starch suspensions (3.5 g sample in 25 mL H 2 O) corrected to 140 g kg -1 wet basis. Ethanol (1 g) was added to the sample, as recommended for the Extrusion 2 method. The apparent viscosity was expressed as rapid visco units (RVU), with one RVU equaling 12cP. The following characteristics were evaluated based on the obtained graph: paste temperature, viscosity peak, breakdown (difference between the maximum and minimum post-peak viscosity), final viscosity, and setback (difference between the final viscosity and the minimum post-peak viscosity) (Newport Scientific, 1998) . Analyses were done in triplicate.
Thermal properties were analyzed through differential scanning calorimetry (DSC), Pyris 1 (Perkin Elmer, USA) in triplicate. Samples (4 mg, dry basis) were weighed in aluminum crucibles and mixed with distilled water (12 μL). The crucibles were sealed, kept at room temperature during 2 h for equilibrium and heated at a ratio of 5ºC min -1 , from 25 to 100ºC. An empty crucible was used as reference. The onset (To), peak (Tp), conclusion temperature (Tc) and enthalpy (DH) were assessed by the software Pyris 1.
Response Surface Methodology describes the behavior of a system in which the independent variables (X k ) and the dependent variable or response (Y i ) are combined. The response is a function of the levels at which those factors were combined and defined. Within the proposed variation ranges, i.e. within the region characterized by these levels, the behavior of each response can be predicted in a general form according to the equation 1: Y 1 =β o + β 1 X 1 + β 2 X 2 + β 3 X 3 + β 11 X 1 2 + β 22 X 2 2 + β 33 X 3 2 + β 12 X 1 X 2 + β 13 X 1 X 3 + β 23 X 2 X 3 + ε
where: Y 1 = Dependent variable or response function; X 1 , X 2 , X 3 = Values of the independent variables; β o = Coefficient relative to the line interception with the response axis; β 1 , β 2 , β 3 = Linear coefficients assessed through least square method; β 11 , β 22 , β 33 = Coefficients of quadratic variables; β 12 , β 13 , β 23 = Coefficients of interaction between independent variables; ε = Experimental error. The model was fitted by the option "step-wise" of SAS program; the obtained model was validated through F-test using as denominator the pure error mean square.
Results and discussion
The properties of unextruded blend cassava starch paste had initial viscosity at 25ºC close to zero due to the absence of gelatinized starch. The curve had a narrow peak (characteristic of granules presenting structural homogeneity) followed by a sharp fall, even before reaching 95ºC, which revealed little stability of the hot paste during agitation (Figure 1) . After the extrusion process initial viscosity (IV) of the extruded products at 25ºC varied from 5.6 to 63.5 RVU. The viscosity peak (VP) values ranged from 5.7 to 63.9 RVU. The breakdown of extruded products ranged from 5.5 to 62.0 RVU. The values found for the treatments for final viscosity of extruded products ranged from 1.5 to 24.8 RVU. Figure 2 shows the viscoamylography profile of cassava starch-dehydrated orange pulp blend extruded in condition of 19.5% of moisture, 65ºC of extrusion temperature and 218 rpm. Leonel et al. (2009) observed for extruded cassava starch: 5.3 to 14.7 RVU for initial viscosity, 6.3 to 14.6 RVU for viscosity peak, 2.8 to 12.8 RVU for breakdown, 7.2 to 13.1 RVU for final viscosity and 2.5 to 12.5 RVU for setback. Therefore, the differences observed in pasting properties of extruded mixtures of cassava starch and citrus pulp can be due the fiber content.
The initial pasting viscosity (before heating) of RVA is the most relevant parameter to "instant starch". In the extruded samples, the starch is already gelatinized, which allows rapid hydration compared to the crude sample. The screw speed and the interaction moisture-screw speed had an effect on initial viscosity (Table 2) .
The highest cold viscosity values are obtained when mixtures are extruded under high moisture and high screw speed (Figure 3) . The extent of starch gelatinization has been reported primarily as a function of the barrel temperature; however, extrusion conditions and material used possibly increased frictional damage. When fiber is present along with starch, it competes for the limited amount of water available in food system (Santilán-Moreno et al., 2009 ). The partial solubilization of fiber present in mixtures can affect the initial viscosity. Citrus pulp extrusion leads to partial fiber solubilization, increasing the soluble fraction; this is mainly influenced by temperature and screw rotation (Céspedes et al., 2005) . Peak viscosity (PV) for extruded products indicates that part of the starch granules maintained their structure, allowing heating and peak formation. Peak values were affected by the initial moisture of samples, the screw rotation and the interaction between these factors. According to the model, the highest peak viscosity occurred under conditions of high moisture (20%), high speed (245 and 272 rpm) and extrusion temperature kept at 65ºC (Figure 4) . Low moisture and high screw speed conditions, could have contributed to a higher starch and fiber degradation, reducing the peak viscosity (Figure 4) . Hot viscosity is directly related to the starch granule degradation level. If the granule has its structure destroyed, it loses the capacity to swell when heated in water, consequently presenting low hot viscosity. The breakdown of extruded products, which indicates the paste stability at high temperatures under mechanical agitation, was affected by the screw speed and the interaction screw speedmoisture.
Similarly to peak viscosity, the most severe conditions of the extrusion process led to starch structure degradation and fiber solubilization, with no peak and breakdown. The highest breakdown in viscosity occurred under central screw speed conditions ( Figure 5 ).
The setback allows the evaluation of the paste behavior during cooling. When the screw speed is kept in the central condition (218 rpm), the highest setback values (ST) can be observed under conditions of low temperature and high moisture ( Figure 6 ). After the gelatinization, the polymers that form the starch granule tend to reassociate through hydrogen bond, forming better organized zones. Reassociations among amylose, amylopectin and swollen starch granules lead to tridimensional network constituted of better organized zones (Hoover, 2001) . Moisture in extrusion can act as a lubricant agent; at low temperature it may allow lower degradation of the raw material constituents, leading to setback. The final viscosity (FV) depends on changes in the starch granule structure during the extrusion process. The highest FV values, which indicate less severe treatments allowing the reorganization of molecules, were observed under conditions of low temperature, high moisture and intermediate screw speed (Figures 7, 8 and 9) .
Starch gelatinization is a combined process consisting of the hydration of an amorphous region and subsequent melting of crystalline arrays (Randzio and Orlowska, 2005) . The gelatinization parameters of mixture of cassava starch and orange pulp before extrusion were: 59.71ºC of onset (t 0 ), 67.53ºC of peak (t p ), 73.91ºC of conclusion temperature (t c ) and gelatinization enthalpy (DH) of 9.02 J g -1 . The cassava starch show 64.3ºC, 68.3ºC and 74.4ºC (onset, peak and con-clusion temperature respectively) with gelatinization enthalpy of 14.7 J g -1 (Jane et al., 1999) . Differences in the starch gelatinization parameters can be due to less available water in the presence of the orange fiber.
The extruded mixtures do not show gelatinization enthalpy. The absence of residual gelatinization enthalpy in mixtures following extrusion suggests that all starch present in the samples was gelatinized and the differences observed in the paste properties can be due to starch-granule modifications (granule disruption and molecular fragmentation) and other non-starch components (Hagenimanda et al., 2006; Lustosa et al., 2009 ). 
